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PREF’ACE

This report  was prepared b y the Fla~ tonsers and Coatings Branch ,
Nonmetallic Mater ia ls  Division , Ai r  Force Materials Laboratory, Air
Force Systems Command , Wrig ht-Patterson Ai r  Force Base, Ohio. This
work was initiated under Project No . 7340 , “Nonmetallic and Composite
Materials”, Task No. 734007 , “Coatings for Ene rgy  Utilization , Control
and Protect ive Funct i ons ”, and was adminis tered under  the d~rect ion of
the Air  Force Mate r i a l s  Laboratory  w i t h  Dr.  Wil l iam L. Lehn (AFML/
MBE)  Project Eng inee r.

This summary report covers a portion of the work  on the evai~~~t ion
of the D024 pol ymer i c  film s experiment ha r dware recovered from Sk y lab ,
SL 1/2 , SL 1/ 3  and SL 4 and encompasses a period from Jan~. ary  1968
when the exper iment  was f i r st  being developed to October 1974. Additic ua~
summary  reports covering other portions of the D024 experiment hard-
ware are  in p rogress  and will appear at a later date. It was ~ubmitted
b y the authors in January 1975.

Many of the materials  used in this project were  not developed or
intended for the conditions to which they were  subjected. Any fa ilure o
poor performance of a material is , therefore, not necessari l y indicative
of the utility of the material  under  less s t r ingen t  conditions or for other
applications.

The authors gra te ful l y acknow led gt • the ass is tance  of W. Glen ,
C. Clinehens , R. Vis soc , C. Stevenson, J. Schwarberg, R.  Whi t t aker ,
J. Osseges , K. Fisch, and C. Ehiers ,
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RESULTS OF THE POLYMERIC FILMS SKYLA B D024 EXPERIMENT

C. J. Hurl ey  W. L. Lehn
U n i v e r s i t y  of Dayton R e s e a r c h  Ins t i tu te  A i r  Force Mater ia l s  Laboratory

Dayton . Ohio W r i g ht -Pa t t e r son  Air  Force Base , Ohio

Abst rac t  men t r a y s  each containing eig ht different  pol y-
meric film specimens. Pertinent properties of

Resul ts  of an experiment desi gned to evaluat e all s pecimens were individually measured prior
the effects of the near earth environment on the to fli ght. The specimen trays along with two
performances and properties of selected pol y- hermetically sealable re turn  containers were
meric  films were  exposed to the Skylab space en- mounted on the exterior of the Air lock Module
vironment for vary ing periods of time during the (AM) near the Extravehicular  Act iv i ty  (EVA)
mission. The individual specimen holders were hatch shown in F i g u re  2 p r i o r  to launch.  The
retrieved during EVA by the Astronauts , placed in
hermetically sealed containers, recovered and re-
turned to the Air Force Materials Laboratory for
analysis and evaluation. Post flig ht analysis of
the three sets of recovered polymeric films indi-
cated measured changes in the optical, physical
and electrical properties were due to a combina-
t ion of excessive contamination, solar degradation
of the contaminant layer and degradation of the
polymer film materials. The degree of contamina-
tion experienced compromises the measurement of
the degradation of the pol ymeric film themselves. 

________

Experimental results  on the analysis  ofcontamina-  ~~~~~~~~~ -.

tion are also presented. -. -

I. Introduction and Background

Polymeric films find many uses in satellites
and spacecraft as tapes , elec tr ical and the rmal
insulation, as protec t ive shr ouds and covers and
as components of multi layer thermal control - - . -Figure  . DO24 Pol ymeric Films P lig ht H a r d w a r ecoatings. The objective of the D024 Polymeric  -

Films experiment was to evaluate the effects of
the near earth environment on selected pol ymeric 

D024 F L I G H T  E X P E R I M E N Tfilms and provide correlation and calibration data
for laboratory in situ space simulation. The data
obtained would add new insight into mechanisms of
degradation and improved damage theories and
pr ovide dir ection for the deve lopment of new and
improved materials . The rationale behind the
se lec t ion of the polymeric film materials for the
D024 experiment consisted of the following: ( 1)
the materials would be of cur ren t  interest;  e i ther
being used by the aerospace community or prom-
isin g materials under research and development. SAMPLE RETURN I 0CONTAINERS( 2 )  The materials were to cover the broad spec-
t rum of pol ym er ic film materials with emphasis THERMAL CONTRO
on pol yme r ic film s suitable as subs t ra tes for COATINGS 

-
optical coatings. ( 3 )  For the purpose of correla-  ,,, +5

tion analysis , the selection s were to include well EVA

char ac t erized ma te r ials with res pec t to both HAIC

ground based simulation testing and other flig ht o
materials .  (4 )  The selection was to include mate- DA EVA LIGHTS
r ials  both stable and unstable to the near  earth
environment .  The unstable mate r ia l s  were to have TO SUN

known degradation cha rac te r i s t i c s  wi th  d i f fe ren t
- - Figure  2. D024 P lig ht Exper iment

regions of spectral and ph ysical  degradation .

The D024 Pol ymer ic  Film flig ht hardware pol ym er ic  f i lms were  located some 39 off ax i s
show n in F igure  1 consisted of two dup lic ate speci- to the sun vector.  The specimens were  protected

Copyright American Institute ol Aeronaut ics and
Astronaut ics, Inc.. 1975. All  rights reserved.
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d u r i ng the l aunch  p lias*.’ b y the  pay load shro ud and ( F i g u r e  o)  i i i d  d l  the pre sence  of an absorp t ion
w er e  exposed a f t er  sh roud ej ~~

. t Ion. Due to the  edge at 0. I .  i i i  i c  r un s  not  p resen t  i n t h e  o r i g i n al
pas s i~ e n a t u r e  and locat ion of the expe r imen t  the m a t e r I a l .  T}ii~ i s  con s i s t e nt  wi th  the changes in
mechan ica l  and eh ’ctr ical p rob le m s e x p e r i e n c e d  r e f le c t an c e  in th e  u l t r a v i o l e t  and ~is ib le  r eg ions
b y Sk y lab d u r in g  the  in i t i a l  p hases of the fli ght due  o b s e r ved  for t h e  t h e r m a l  control  coa t ing  i i i a t i  v i a l s
to the less el the solar  panel and workshop t her -  flown as the companion e x p er i m en t  and p r e v i o u s l y
mal sh ie ld  had l i t t l e  or no d i r e c t  ef fe c t  on 1)024. re por ted . 1 ~ Pol y imide  ( F i g u r e  7) and Pol ypheny l-
Howeve r , a more  fa r  r eaching  ef fec t  was  the  in- qu in oxa l ine  PPQ) Fi g u r e  8) post  tes t  measure-
c r ea se d  contaminant  concent ra t ion  added to the f on t s  showed m i n i m um  c hange insofa r as op t ica l
Sk ylab ex t er n a l  envi ronment as a resul t  of the t r a n s m i s s i o n  was concerned.
ove rheat ing  of the  w o r k s h op  external  su r faces  and
i n t e r i o r .  This  re qu i r ed  the ven t i n g  of that in te r -  .

~~~~~ -.

nal  atmosp here  p r ior  to As t ronau t  occupancy p lus
the  addi t ional  contaminat ion resul t ing from the de-  -

ploy ment of the sun shade and solar sail and f lu id
leak in the p r i m a r y  cooling loop. The specimen -

.

holde rs af ter  exposure were  removed and sealed
in the ret urn  containers by the As t ronauts d u r i n g
EVA and re turned to earth for measurements  and .

eval uation. 
I !

The f i r s t  set of specime ns , SL 1/2 , were  re 

-

________

t r i e v e d  b y the fi r st c rew of Skylab 2 ( S L -2 )  astro-
nauts  af t er appr oximat ely 550 hours  of solar cx- ~~~~~~~~ 

-

posu re (35 days) and returned to ear th  for  ar ’al y- ~..r. ~~ ~~~
.

s is .  The second set of specimens , SL 1 /3 , were  -
.. :“ ‘

r e t r i eved  after  approximately 2 040 hour s of solar “ -expo su r e  ( 131 days ) and returned to earth for anal- - .

y s i s .  Post flight examination of the r e tu rn  con- Fi gu re  3. 1)O24 Specirnen l-lolder Ret i ,  . lta iners
tainers shown in Figure 3 and the recovered  mate-
rials specimens indicated that the materials had
been exposed to a high leve l of contamination
which had severely degraded in the solar space en- 

~_ -:
v i r o nrnent. The contamination tended to compro-  -

~~~misc  the measurement  of optical p roper ty  degra -  
-dation. The contaminat ion was or i g inall y ascr ibed

to the Service Module React ion Control  Systems
( SMRCS)  propellant by - p r o d u c t s  as a r e su l t  of the
fl y b y and docking maneuvers .  An addit ional
back- up set of specimen t r ays  was approved for
laun ch , dep loym ent , exposure  and r e t r i eva l  on - 

-Sk ylab (S L-4)  in an effor t  to prec lude  contamina- -

tion effects .  The specimens were  deployed and
recovered by the th i rd  crew of astronauts a f te r  . .~approximately 1150 hours (74  days)  of solar cx- — -

posure. The third set of specimens , SL-4 , ex-
perienced no SMRCS exposure , being de ployed
aft er docking and recovered before undocking ,  but
still exhibited the effects of contamination.  A set
of p re - f l ight and recovered SL 1/3  Pol ymer i c  F igure  4. DO24 Pol ymer ic  Film Specimen Holder
Film Specimen Holders are shown in Fi gu r e  4. ( P r e f l i g ht and SL 1/3 )
Note the shading or shadowing effect  of the retain-
e r spr ing on the observed colorat ion contamina-
tio n. FMIR Spectra of Polymeric Films. Pre and post

test  FMIR spect r a of the un exposed r ecove red
U. Optical Measurements  fli ght expe r iment polymer ic  f i lms were  obtained

using a Perkin Elmer 621 infrared spectrophoto-
Optical Transmission. Pretest and post test meter with a 45~ KRS-5 FMIR prism. The FMIR
t ra nsm iss ion  spectra measu remen t s  of the pol y- spectra of the exposed front su r faces  of  the  pol y-
mer i c  f i lms  from 0.2~~~rn to 2 .5gm were  diete r -  mer ic  f i lms ind ica ted  two noticeable ef fec ts .  ( 1 )
mined  us ing  a Beckman ratio r e c o r d i n g  spec t ro -  The spec t rum of each f i lm was qua l i t a t ive l y si mi-
photo meter .  Si g n i f i c a n t cha n ges in th e pe rcen t  lar  to the  spec t r um of the o r i g i nal pr etest  pol y-
t r a n s mis s ion  occur red  for most of th~ pol ymer mer i c  f i lms , althoug h the in t e n s i ty  of the ahsorp-
m a t er i a l s .  Post t est  t r ansmis s ion  measurements  t ion  bands was decreased for each f i lm;  th i s  was
(in FEP Type A ( Fi gure  5) and FEP T ype XC ZO i nd i c a t i ~~e of a th in  de posi t  on the exposed s u r f a c e
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Figure 5. Effects of Skylab Space Environment Figure 8. Effects of Skylab Space Environment
Exposure on FEP Type A Exposure on PPQ

films. ( 2 )  An absorption band appears in each
100 

__________________________________ spectrum at approximately 1050-1100 cm 1 which
can be attributed to a siliceous material.

so / Visual observation of the polymeric material
returned from the SL 1/2 mis sion indicated a thin

~ // golden brown contaminant layer on all exposed sur-
2 1/ PRETEST faces of the experiment hardware except those

II POST TEST SL /2 . . .
I II  POST TEST St. I/S ar eas shadowed from direct sunlig ht as shown in

40 POST TEST SL-4 Figure 9. An absorption band appeared in each

~ 
spectrum at about 1050-1100 cm ’ 1  which corre-

,.. sponded to a band foun d in silica gel, S1O3XH 3O.
20 /1 FEP XC —20 The SL 1/2 Nylon 616 specimen showed a new

~ / band at 1000 to 1250 cm’1 resembling the KBR
spectrum of silica gel as shown in Figure 10.

0
.20 .40 .60 8 .5 (.75 .20 2.Z5 2.0 

-
.RONS) •

Figure 6. Eff & us -~ iab Space Environment —— . . . .  - . —.— .

Exposure on FEP XC-20 - I •~ - -

100 

.
—

~: 
- -

PRETEST

V —— POST TEST SL (/ 2 . 1 - —.

1 ——— POST TEST St. I/S ~~ . : -- 
40 I — — ——  POST TEST SL—4  - --  ‘•

I-
2 . - .~ .~= -- — .

— I

~~ 2O I . 
. .  .. —-
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Figure 9. Shadow Pattern on Recovered SL 1/2
Figure 7. Effects of Skylab Space Environment Polymer Film Experiment

Exposure on Polyimide
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Polymeric materials returned from the SL 1/3 SL 1/3. The intensity of the 1060 cm band in the
mission were initially observed to have increased SL-4 materials diminished significantly over that
discoloration or contaminant thickness. The of the SL 1/3  specimens indicating a reduced
FMIR spectra of Nylon 6/6 , FE? Type A , FEP amount of contamination. Nylon 6/6 , FEP Type A,
Type XCZf) and Teflon indicated definite bands at FEP Type XC2O and Teflon showed in general a
1060 cm to 1065 cm ” 1. These bands were more reduction in band intensity for the 1060 cm ” ’
hig hly resolved than in the SL 1/2 specimens. reg ion. The 450 cm’1 band observed in the SL 1/3
This indicated that the surface contamination was Teflon and FEP Type XC2O , for all practical pur-
increasing in thickness with additional exposure. poses , has disappeared in the SL-4 specimens.
The infrared spectra of polyphenylquinoxaline
produced an apparent shift in a band from 1050 III. Spectroscopic Measurements
cm’1 to 1110 cm’1. This can be associated with
the dissociation or degradation of the contaminant. Auger Electron Spectroscopy. Three sections
The spectrum of FEP T1rp e A exhibited bands at from the SL 1/2 anodized aluminum retainer
450 cm ’1 a_nd 1060 cm not attributable to the spring of the D024 polymeric films experiment
polymer and are also observed in the spectrum of were submitted for AES analysis. Section 1 was
silica gel as shown in Figure 11. Similarly, the an area in face contact with the specimen holder
post test spectra of FEP XC2O shown in Fi~ ure 12 frame. The analysis was typical of anodized
and Teflon exhibited absorption at 450 cm ~~, 950 aluminum with carbon contamination. Section 2 ,
cm 1 and 1060 cm 1 where bands from SiO2XH 2O exposed to the local environment but protected
also appear. from solar energy, exhibited a large silicon peak

with an accompanying decrease in aluminum in-

- - 
tensity. Section 3, exposed to the local environ-

; ~~~~~~~~~~~~~ ment and in direct sunlight exh ibited an increased

______________ ~e
1
~~

ak and totally obscured the aluminum

I i  _ _

___________ Similar sections removed from the SL 1/3
specimen holder and subjected to AES analysis

- -—
. . .~ - indicated the following: Section 1 showed alumi-

num and oxygen as the major surface elementsFigure 10. Effects of Skylab 1/2 Space Environ- . . .with silicon and carbon detected in the first  100 Ament Exposure on Nylon 6/6  . . -of depth. Section 2 analysis detected major sur-
face ,elements of silicon and carbon to a depth of

• • . ., . . 150 A. Section 3 analysis detected silicon and
- :— - oxygen as the major surface elements The sili

- ~~~~~ con contaminant surface layer was found to be
approximately 300 A in thickness

L . . 
- 

. . . -
, 

One gold and one silver coated quartz oscillator
were  mechanically mounted on the companion
thermal control coatings experiment adjacent to
the polymeric films experiment to serve as con-Figure 11. Effect of Skylab 1/3  Space Environ- .tamination monitors during the exposure of thement Exposure on FEP (T ype A) various specimen holders. The contaminant layer
on the metallized quartz oscillator were analyzed

—- ~~~. using Auger electron spectroscopy. Anal ysis in- 
—~~~ 

-; - ~~~~~~~~~ 
dicated the presence of a contaminant layer con-

- - - . . . ~~~~~~~ sisting of materials containing principally silicon,
1.. 1 oxygen and carbon plus other mino r constituents

~.- --r. .  - : : . . : I ~~ =-—— Auger sputtering techniques , used to estimate con-
taminant thickness for the species defined , are

- 
. 

- 
~~~~~~ best estimates due to the possible/probable non— — ..~~~~ . — . homogeneous nature of the materials comprising

the contaminant layer. Table 1 summarizes theFigure 12. Effects of Sk ylab 1/3 Space Environ- estimated thicknesses of the contaminants.ment on FEP (XC-20)

Secondary Ion Mass Spectroscopy. SIMS analysis
verified the presence of Si+ , S1O+ and SiOH+The spectra of the returned SL-4 polymeric

- . . species. There was no evidence for the presencematerials contained bands for the basic polymeric
• . . . of any other than minor traces of nitrogen con-species with positions very similar to those in the . .taming materials expected contaminants from thespectra of the preflight test materials. Generall~

• • reaction control system, or for the presence of
the polymer absorption peaks in the SL-4 mate- any methyl silicone groups or fragments. Pres-rials were of stronger intensity than those of ence of the latter were predicted to be the major

4
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TABLE 1

AUGER ANALYSIS OF DO24 EXPER IMENT CONTAMINATION

____________________ SL 1/2 . SL 1/ 3  ________ SL-4

Specimens E lemen t  Deposi t  A Element  Deposit A Element  Deposit A

Gold Coated Quartz Si 1700 Si 250 Si 100
Crysta l  Oscillator 0 1700 0 0 150

C 700 C 40 C

Silver Coated Quartz Si 2450 Si 75 Si 100

Crysta l  Oscillator 0 2450 0 75 0

C 700 C C 100

N Trace

Anodized Aluminum Si + 300 Si

Retainer Spr.ng 0 + 0 175 0

iSection 3) C + C 600 C

contaminants for the DOZ4 experiment as a result As previously stated all materials darkened
of the outgassing from the S- l3G thermal control during space exposure and Nylon, Polycarbonate
coating used on the back side of the ATM solar and M ylar became noticeably stiffer after expo-
panel. The back side of this panel presents the sure on SL 1/2 , While the specimens showed
bes t line of sight contaminant source for D024. little or no change in the Tg and the melting point
Efforts to determine the nature of the contam.ina- ~Tm) after the SL 1/2 space exposure, most sped-
tion by mass spectroscopy gave negative results mens had increased Tg ’s and/or  Tm ’ s after the
and indicated that the material was essentially SL 1/3 space exposure. The increase amounted
non volatile, to 10 to 13°C in most cases and very likely is the

result of free radical formation and subsequent
IV. Physical Measurements crosslinking . Nylon 6 /6  did not show any change

in Tg or Tm, although the material after SL 1/2
Differential Scanning Calorimetry ( DSC). Many space exposure, was distinctly stiffer at room
polymers undergo a change of state called the temperature, i .e. ,  below the glass transition
glass transition (T g) when their temperature is temperature. For the very  rigid polymers , su ch
raised. The transition is identified by substantial as Polyimide, the methods for determination of
changes in the properties of the polymer. The Tg were not sensitive enough. For this particular
DSC determinations were performed at ~ T=20’C/ Polyimide a Tg around 380 C would have been ex-
mm with the specimens in crimped specimen pected and might have been raised as a r esult  of
holders and a nitrogen flow of —20 cc /mm . As a space exposure.
criterion for the glass transition temperature, the
ext r apolated onset of the baseline shift was used , In general, the SL-4 data lies between the
whenever possible, while a weak endo or exo - values obtained for SL 1/2 and SL 1/3. Figure 13
thermic peak, or a “knee” in the curve, had to be and 14 show the trend of change for the g lass tran-
used in cases where the onset could not be defined sition temperature and for the crystalline melting
easily or reproducibly. Two first  order transi- points. As can be seen, the crystalline melting
tions in Teflon and the crystalline melting points points increase with increasing space exposure,
were identified using the (endothermic) peak with the exception of Nylon 6/6  which remains
temperature. Assignment of the transitions was essentially unchanged. The glass transition
straight forward , based on information from our temperature of PPQ, M ylar and Polycarbonate
transition file. No transitions of any kind were also show an increase while those of Nylon 6/ 6
found for the Polyimide. The transitions repre- and FEP films remain essentially unchanged.
sent averages of 2 to 4 specimens. Reproduc-
ibility was very good, with the exception of the Tg Tensile Properties. Pretest and post test tensile
values of the FEP specimens and one set of Mylar measurements generally indicated the degree of
data, polymer cros slinking and/or  degradation of the

polymeric film materials. Nylon 6/6 exhibited
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Figure 13. Change in Glass Transition Temperature vs Duration of Exposu~~

significant reductions in percent elongation and missions .
increases in modulus indicating progressively in-
creased polymer crosslinking. Polyimide showed Dielectric Measurements. Measurements of di-
mode ra te changes in the per cent elon gation and electr ic  st rengt h, dielect r ic  constant and loss tan -
slight variations in modulus and a progressive re-  gent facto r of the pretest fli ght materials were
duction in tensile strength consistent with polymer made. Post flight measu rements of dielectric
degradation. Variations in percent elongation and properties could not be interpreted due to compli-
modulu s for PPQ with progress ive  reductions in cations arising from the dielectric contaminant on
tensile strength indicate an initial polymer cross-  the exposed surface of the recovered flig ht mate-
linking and subsequent moderate degradation. liii- rials.
tial percent elongation reductions followed by re-
ductio n in tensile strength indicate slight degrada-  V. Results and Discussion
tion accompanied by mild crosslinking for FEP
Type A. Pol ycarbonate exhibited reductions in Initial optical measurements, as well as v isual

percent elongation and tensile strength pointing to observation, of the returned D024 specimens in-
sli ght to moderate degradation. Significant re- dicated a severe contamination problem. CSM
ductions in percent elongation and tensile strength fl yby photograph s pro vided eviden ce of excessiv e
of M ylar with the on set of redu ction in y ield contamination localized to an area on the EVA side
strength indicate simultaneous degradation and of the MDA extending up to and including the ATM
crossl inking. FEP XC2 O exhibited reductions in s t ructure .  Persistent efforts have been made to
percent elongation and increases in modulus m di- identif y the nature as well as the source of the con-
dating p rogress ive ly mild to moderate crossl ink- taminants.
ing. Extreme reductions in percent elongation and
tensile strength with moderate variations in rnodu- Receiving inspection of the returned DO24 SL
lus indicate that Teflon suf fered  increasing degra-  1/2 and SL 1/3 containers indicated severe con-
dation and a slight degree of crosslinking.  Tables tamination during exposure in space. The di8tinct
2 throug h 5 present this change exhibited by all the shadow patterns on the re turn containers and those
polymeric  materials  exposed during the three observed later after opening the containers on the
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Figure 14. Change in Crystalline Melting Points vs Duration of Exposure

TABLE 2

SKYLA B D024 POLYMERIC FILMS E XP E R I M E N T  PRETEST DATA

Tens i l e  S t r eng th  Modulus  Yield
Mater ia ls  % Elongation PSI X lO~ PSI X 100 PSI X ~~~ R e m a r k s

Ny lon 6/ 6  19 1 .5  5 . 1  .07 5 l . 9

Pol y imide 5 5 . 5  1 3 .9 . 1 8  4. 1.

Pol yp hen y l 6 .6  S. 2 .2 0  3 .5
Qui noxaline

FEP T ype A 2 3 1 . 0  2 .0  . 0 3  . 7 5

Pol ycarbonate  9 1, 1 5. 8 . 13 3 . 3

M y lar 74. 8 14 . 5  . 30 1 . 3

FE? XC2 O 220 . 5 1 ,8 .02 .62

Teflon 365.8 2 . 9  . 022 . 60

Average  of three  tests

specimen holders gave a clear indication of the Post test optical transmission measurements
excessive contamination and degree to which it showed significant changes in ultraviolet trans-
had been degraded by solar exposure. Clarity and mission for Nylon 6/ 6 , Teflon TFE ,~

2
~ Polycar-

definition of the shadow patterns shows excellent bonate , M ylar Type A , FE? Type A and FE? XC
consistency with the expected solar angle of cx- 20. The FEP materials shown in Figures  5 and 6,
posure for the experiment, in particular, because of their orig inal hig h trans-

mission in the ultraviolet indicate the presence of

7

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



,——~ -~ -- ~~.—.-,.-----_ , ______________________________

—, , ,_, ,,.
~~
., ,, 

~~~~~~ 
— • — .

TABLE 3

SKYLA B D024 POLYMERIC FILMS EXPERIMENT POST TEST SL 1/2

Tensi le  Strength Modulus Yie ld
Mater ials  % E longation PSI X l0~ PSI )( l0~’ PSI X l0~ Re marks

Nylon 6/6 173. I 5. (, . 12 2.8 Sli ght Crosslinking

Pol y imide 4 4 . 3  I l . 3 . 16 3.9 Sli ght Degradation
Pol yp heny l 1 . 9  8.0 .48 5.4 Cro ss l inking
Quinoxaline

FEP Type A 218. 3 1 .5 .030 .70 Sli ght Degradation
Pol ycarbon at e 52.4 4 . 5  . 15 3.4 Slight Degradation
M y lar 48. 3 10 .7 .32 6 .2  Degradation & Cross l inking
Fl P XC 2O 1 9 2 . 8  1 , 4  . 0 3 8  . 52 Mild Crossl inking
Teflon 220.8 1 .9 . 029 .40 Moderate Degradation &

Slight Cro ssl ink ing

Average of three tests

TABLE 4

SKYLAB D024 POLYMERIC F I L M S  EXPERiMENT POST TES T SL 1 / 3

Tensile Strength Modulus Yield
Mater ials  % Elongation PSI X 1O 3 PSI X 106 PSI X 10 6 Remarks

N ylon 6 /6 49. 3 5, 1  .23 4.0 Severe Cro ss l ink in g
Pol y imide 37.2 11 . 3  . 19 3 .2  Sli ght Degradation
Pol ypheny l 4. 4 6. 5 .215 ‘1. 0 Moderate Degradation
Quinoxaline

FEP Type A 224. 5 1. 9 .037 0.7 M ’ld Crosslinking
Pol ycarbonate 53. 9 4 . 5  . 16 3.2 Slight Degradation

My lar * 12.9 8. 1 .31 5.8 Degradation & Crosslinking

FEP XC2O 248.0 1.6 .035 0.7 Increased Crosslinking

Teflon 105.8 1.2 .04 0.7 Increased Moderate
Degradation & Sli g ht
Crosslinking

C Average of three tests

TABLE 5

SKYLA B D024 POLYMERIC FILMS EXPERIMENT POST TEST SL-4

Tens lIe Strength Modulus Yield
Materials % Elongation PSI X l0 ’

~ PSI X 106 PSI X 106 Remarks

N ylon 6 /6 1.24 5.20 . 143 2 .6 3  Severe Crossl inking

Pol y imide 38.7 12 . (9 • 188 2.45 Moderate Degradation

Polypheny l 5. 99 7 .4 .2 16 3. 38 Moderate Dcgradatio n &
Quinoxaline Cr ossl inking

FEP Type A 196.9 1 .26 .028 .58 Moderate Cros slinking &
Slight Degradation

Pol ycarbonate 11 . 72  4 . 5 1  .145 2. 10 Degraded more than SL 1/2
a n d S L  1 / 3

M ylar 5.6 9 5. 34 .239 3 .40 Degradation and Increased
Crosslinking

FEP XC2 O 2 12 . 0 8  I . 3 1 .0335 .67 Moderate Cros sl inking

Teflon 39.7 0. 925 .0 3 5 5  .72 Increased Degradation and
Less Cross l ink ing t h a n S L  1/2
and SL 1 / 3
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a degraded contaminant with an absorption edge at Resul ts  of the DSC m e a s u r e m e n t s  indicate  the
0.6 microns. The spectra of Pol yimide and PPQ antici pated trends of polymeric m a t e r i a l s  suhj e t-
shown in Fi gures 7 and 8 indicate little , if any, ed to a solar radia t ion envi ronment .  An u n s t a b l e
effect of ultraviolet t ransmiss ion for these mate- energy condition as a result  of radiat ion exposure
rials. Degradation of the contaminant by u l t r a -  g ives r i s e  to broken  bonds and unpa i red  electrons
violet is consis tentwith  the changes in reflectance! result ing in f ree  radical  formation.  Addi t ional l y,
absorptance observed for the companion thermal ions are produced. The recombination of radicals
control coatings materials .  The changes in and ions may resul t  in g radua l l y changing the
optical transmission due to the contaminant do phys ica l -mechanica l  propert ies  of the pol ymeric
appear to coincide with contaminant thickness films.
layer and duration of exposure to solar energy.

Measured changes in t r ansmis s ion  indicate an
Visual observation of the polymeric film speci-  essentially uniform contaminant layer over all ex-

rnens returned from the SL 1/a , SL 1 / 3  and SL-4 posed surfaces  of the experiment. The sharpness
missions indicated the presence of clear image of the shadow patterns indicate that the contamin-
patt erns of the specimen ho lder re taine r spring, ant was deg raded and fi xed b y solar radi ation.
pip pin and p ip pin cable. The location of these Absence of any noticeable amount of contaminant
image patterns were consistent with the 39’ off in areas  facing in opposing di r ection s to sola r
axis to the sun vector as was shown in Figure  9. radiation indicate a hi gh de gree  of mobili ty.  Con-
T hese observat ions fu r ther conf i rm t he presen ce sequ entl y, t he contaminant was able to deposit
of a highly mobile contaminant which severely de- and reevaporate or mi gra te  ove r the su r face pr ior
gr aded when dir ectly exposed to solar energy. to being fi x ed b y solar radiat ion.  The measured

increase in contaminant th ickness  found between
Analysis of the FMIR spectra of all the pol y- SL 1/2 and SL 1/3  is in accord with a volatile con-

men d film specimens returned from the Sk ylab tamin an t which can reevaporate after ini t ial  de-
m issions were  qualitat ively similar to the spec- position unless it is fixed b y solar rad i ation. The
trums of the original pretest materials , although increase in observed optical degradation is the
the intensity of the back ground absorption bands result of fur ther  degradat ion and color formation
were  decreased for each of the films materials ,  in the non volatile fixed contaminant.
In addition , an absorption band appeared in each
spectrum at approximately 1050- 1100 cm 1 which The Auger and SIMS anal y sis  in combination
was att r ibut ed to a siliceou s mate r ial la yer on the w ith other  r e su l t s  and obse r va t ions  also point
post fli g ht specimens. Review of the spectra in- toward a volat i le  s i l icon and oxygen containing
dic ated a resemblance to the KBR spectrum of contaminant .  Absence of any carbon to silicon
silica gel, SiO~ XH 2O , which has absorption bands f ragments  in the SIMS anal ysis , the lack of any
at 450, 950 and 1060 cm I , All of these absorp- C-meth yl in the mass spectroscopy anal ysis  and
tion bands were present in the post fli ght FE? the evidence for the p resence  of SiO bands in the
XCZO and Teflon and are not attributable to the FMIR similar to those found in silica gel also
ori ginal pol ymeric  material.  Variations in ab- point to volatile SiO containing contaminants
sorption band intensit ies of the post flight pol y- which  ca n undergo volat i l izat ion and condensation
m e r i c  materials  indicate significant differences and in the p resence  of solar r a d i a t i o n  g i v e  a non-
in contaminant concentration with this chemical volatile, ul t raviolet  unstable  s i l iceous mater ia l .
functionalit y for each of the three missions.  The
SL 1/3 post fli ght polymeric  specimens exhibited In the main , compa r iso n s with g round  based
the hi ghest de gree  of contamination. The SL-4 simulations of the solar vacuum environment  were
recovered materials  had a lower concentration of not d is t inguishable .  Review of avai lable  data did
contamination than SL 1/2 and SL 1/3 specimens. indicate a s imi l a r i t y  in t rends  of d e g r a d a t i o n , if
This is consistent with the durat ion of each fli ght one considers  the effect  of contaminat ion on the
exposure and with a reduction in concentration of total energy  incident  on the su r face .  It is evident
residual  contamination during the final mission from this  data obtained that  under  condi t ions
period, which include the cons idera t ion  of con ,~~m i n a t i on

valid data mig ht be obt ained.  Fu tu re  spacec ra f t
Post test measurement  of the tens ileproperties will  continue to u t i l i z e  pol ymeric  ma te r i a l s  in a

provide the most obvious evidence of pol ymer de- wide var ie ty  of in ternal  and ex te rna l  app l i ca t ions .
gradation and crosslin k ing. By example, N ylon Data from recovered flig ht e x p e r i m e n t s  can be
6 / 6  exhibited progress ive  crosslin k in g dependent used to guide the development  of new and im-
on solar energy radiation total dose. FE? Type A proved mate r ials w h ich wi l l  provide an expand ing
performed about as expected , showing the least range of mater ia ls  available to the spacecra f t
amount of change in physical  properties. (3 >  It desi gner .
must be noted the SL-4 post fli ght materials ex-
hibited increased degradation and cross l inking  VI. Contamination Hypothes is
over the post fli ght SL 1/3  materials. In the for -
mer case, the materials  were  subjected to approx- Based upon the results  and data genera ted  the
imatel y 50% of the exposure time and less than following contamination h ypothes is  is o f fe red  to
50% of the contamination thickness,  exp lain the observed  resu l t s  and to account  fo
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the localized contamination noted in the D024, VII. Conclusions
M2A and ATM area.

Changes in pol ymeric  proper t ies  resu l t ing  from
During the manned phases of each of the Sk ylab space flight ul t raviolet  radiation exposure can be

missions leakage of the p r imary  cooling loop predicted. Effects  of contamination, if present,
wo rk ing fluid , Coolanol-l5 , a volatile silicate must be taken into consideration.
ester was noted. The location of the leak has not
been dete rm in ed , but appears to have occurred in Localized contamination effects  f rom multiple
the EVA quadrant area.  In fact , loss of material  and varied sources may be present in large sys-
was such that resupply and recharg ing of the cool- tems which do not integrate directl y into an over-
ant loop was necessary and was accomplished by all contamination model and mus t  be considered
the SL-4 Astronauts .  A leak in the secondary individ ual ly.
loop was reported. Contact of the silicate ester
doming from a leak in the primary coolant loop A localized contamination hypothesis has been
with the external surfaces of the D024 experiment proposed to explain the results observed on the
area is postulated. In the presence of the solar Skylab DO24 Experiment.
en er gy and specifically in the presence of water
vapo r , contained in the external Skylab environ - The recovery of materials specimens from
ment, this material would undergo vapor or sur-  space experiments in sealed conta iners , free of
face hydrolysis to g ive an essentially nonvolatile exposure to the recovery environment, provides
hydrolysis product. The volatile alcoho l by- a useful means of obtaining spade exposure induced
product would be lost by vaporization . This initial optical and physical properties degradation.
hydrol ysis product would throug h further stepwise
hydr olysis , condensation, and loss of alkoxy Measurements of the optical changes in the
groups and eventually be transformed into a non exposed surface layers and bulk of the polymeric
volatile impure silica gel-like material. Impure , films were largely compromised due to the exces-
nonstoichiometnic silicon-oxygen materials of this sive contamination. However , si gnificant informa-
nature are known to undergo ultraviolet degrada- tion relative to the identity of the contaminants and
tion and colo r formation developin g a clea r , the overa ll Skylab contamination analysis were
golden yellow to a deep brown.~

4
~ These mate - obtained.

r ials similarly display an ultraviolet absorption
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